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Abstract
Background: To evaluate diagnosis, management and outcome of breast cancer (BC) occurring
after irradiation for Hodgkin's lymphoma (HL).
Methods: 39 cases of BC in 28 HL survivors were retrospectively reviewed. 21 patients were
included in a case-control analysis.
Results: The median age at diagnosis of HL and BC was 25.3 and 45.3 years, respectively. The
median interval to develop BC was 16.1 years. Eleven women (39.2%) had bilateral disease. Mode
of detection of the index breast cancers was by mammographic screening in 17 patients (60.7%),
palpable lump in 8 patients (28.6%), clinical examination in two patients (7.1%), and unknown in one
patient (3.6%). Case-control analysis showed that histological features and prognosis of BC after
HL were similar to those of primary BC, however, for BC after HL, mastectomy was the
predominant surgery (P = .001) and adjuvant radiotherapy and anthracycline-based chemotherapy
were less frequently used as compared to primary BC (P < .001 and .003, respectively).
Conclusion: The previous history of HL does not appear to be a poor prognostic factor for BC
occurring thereafter.
Background
The improved survival rates among Hodgkin's lymphoma
(HL) patients have brought with it added long-term mor-
bidities. In particular, breast cancer (BC) has been a major
concern among women irradiated for HL at a young age
[1-7], where the risk of BC is significantly higher 15 years
or more after mantle radiation [3-8]. The experience from
atomic bomb survivors emphasizes the delayed onset of
radiation-induced BC [9]. The history of previous irradia-
tion and chemotherapy (CT) has significant implications
on the management of BC among those patients. Further-
more, it is not clear whether the prognosis of BC among
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this population is worse, better or the same as that of pri-
mary BC. This report serves to address issues of diagnosis,
management and outcome of BC that occurs after HL.
Patients and methods
With institutional review board (IRB) approval, we retro-
spectively reviewed the medical records of twenty-eight
women who developed 39 in-situ or invasive breast can-
cers. These women were treated for HL between 1959 and
1999; twenty-four patients were treated at Massachusetts
General Hospital, while 4 patients were treated elsewhere.
All were treated for their BC at Massachusetts General
Hospital between 1981 and 2005.
The original surgical pathology reports, medical and
Tumor Registry records were reviewed. The details of HL
treatment were reviewed [treatment modality, radiother-
apy (RT) machine, RT dose, RT field, and CT regimens], as
well as the mode of presentation of the index breast can-
cers. Pathological characteristics of breast cancers as well
as tumor location within the breast were recorded. We
evaluated the pathological type, T-stage, and axillary
nodal status of the first tumor in patients who had bilat-
eral disease. Treatment details of breast cancers were also
collected including surgical procedure, adjuvant RT and/
or systemic treatment.
Hazards estimate for metachronous bilateral BC was cal-
culated as the number of cancers during the follow-up
period divided by the total number of women-years at risk
in that interval [10]. The median follow-up after the first
BC was 63.4 months (range, 8.9 to 301.7 months) with a
total of 186 patient years (149 patient years after exclu-
sion of patients with synchronous BC).
To address the treatment as well as the outcome of the
index BC occurring after HL as compared to primary BC,
we conducted a case-control analysis for patients with
invasive tumors. We excluded from our case-control anal-
ysis all women with ductal carcinoma in-situ (DCIS) (3
patients), patients where less than 3 matches could be
found in our database (2 patients), and patients with
some information missing (2 patients). For each patient
of the remaining 21 patients, 3 patients with BC and no
history of HL were randomly selected from our database.
The cases were matched for five criteria: age (within 5
years), year of diagnosis (within 5 years), tumor size,
nodal positivity (0, 1 to 3, > 3) and estrogen receptors sta-
tus (positive versus negative). If the exact match was not
available, we relaxed the selection criteria on only four
attempting to choose a comparison patient with less favo-
rable prognostic feature (e.g. larger tumor size, etc).
As a result, 21 patients with BC after HL were compared to
a group of 63 patients with primary BC. The median fol-
low-up in the 21 patients was 62.3 months (range, 8.9 to
301.7 months) and 71.9 months (range, 3.8 to 292
months) in the control group. For patients with synchro-
nous bilateral disease, we matched the tumor with the
worst pathological features and for those with meta-
chronous disease we matched the first BC. Both groups
were compared for histological features, treatment, and
outcome, including disease-free and overall survival.
Exact Fisher's test was used to assess differences between
the study group and the comparison group in the distribu-
tion of prognostic variables and treatment approaches.
Survival curves for study and comparison groups were
estimated using the Kaplan-Meier method [11].
Results
Treatment for HL
Table 1 details the age distribution of HL and BC diag-
noses as well as the interval to develop BC after HL. All
patients received RT to lymph node-bearing areas above
the diaphragm (Table 2). Twenty-five patients received RT
to all lymph nodes areas that are included in a standard
mantle field (neck, supraclavicular, infraclavicular, axilla
and mediastinum). Two patients had RT to modified
mantle field where axillary nodes were not included, and
one patient had involved-field RT to the neck and supra-
clavicular nodes. Two patients also had RT for relapsed
disease; one of them received additional dose to the medi-
astinum and the other received RT to Waldeyer's ring. The
median radiation dose delivered to the mediastinum was
39.6 Gy (range, 25.2 to 46.2 Gy). Fourteen patients also
had CT, eleven for primary disease and three for relapse.
For primary disease, five patients received doxorubicin,
Table 1: Age distribution for Hodgkin's lymphoma, breast cancer 
occurring thereafter and time interval in-between
HL
Age (years) No. of patients (%)
11 – 19
20 – 29
9 (32.1)
8 (28.6)
30 – 60 11 (39.3)
BC
Age (years) No. of patients (%)
≤ 35 7 (25)
36 – 49 11 (39.7)
≥ 50 10 (35.3)
HL – BC Interval
Interval (years) No. of patients (%)
< 10 3 (10.7)
10 – 20 19 (67.8)
> 20 6 (21.5)
Abbreviations: HL, Hodgkin's lymphoma; BC, breast cancerRadiation Oncology 2009, 4:19 http://www.ro-journal.com/content/4/1/19
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bleomycin, vinblastine and dacarbazine (ABVD) (one of
these patients received two cycles of etoposide, vinblast-
ine and doxorubicin after four cycles of ABVD), four
patients received nitrogen mustard, vincristine, procar-
bazine and prednisone (MOPP), one patient received
MOPP/ABVD (this patient received additional cycle of
ifosphamide, carboplatin and etoposide) and one patient
received only nitrogen mustard. For relapse, one patient
received MOPP, one patient received MOPP/ABVD and
the third patient received a combination of chlorambucil
and vinblastine.
Breast Cancer: Clinical Information
The median age at diagnosis of the index BC was 45.3
years (range, 22 to 66 years). The median interval to
develop BC from treatment of HL was 16.1 years (range, 4
to 36 years) (Table 1). Of the index breast cancers, tumors
were detected by mammography in 17 patients (60.7%),
breast self-examination in 8 patients (28.6%), clinical
examination in two patients (7.1%) and unknown in one
patient (3.6%). Eleven patients (39.2%) developed bilat-
eral tumors; one of them developed in-breast recurrence
and contralateral invasive carcinoma at the same time,
seven years after conservative surgery for DCIS.
Of the eleven contralateral tumors, seven were detected by
mammography, one was detected during clinical exami-
nation and one was detected by breast-self examination.
Two occult contralateral breast cancers were found among
six prophylactic mastectomies. Table 3 details the histol-
ogy of bilateral tumors and time interval in-between.
Family history was positive for 3 out of 11 patients with
bilateral disease. Only one patient had first-degree relative
with history of BC.
The location of breast cancers could be determined in 34
of the 39 cases; 23 (59%) upper outer quadrant, 2 (5.1%)
lower outer quadrant, 2 (5.1%) upper inner quadrant, 2
(5.1%) lower inner quadrant, 3 (7.7%) mid-upper, one
(2.6%) central, one (2.6%) multiple quadrants and 5
(12.8%) unknown.
Breast Cancer: Pathology & Stage
Of the 28 index breast cancers, 21 (75%) were infiltrating
duct carcinoma (one with mucinous features), one
(3.6%) was infiltrating lobular carcinoma, one (3.6%)
was infiltrating cancer with both ductal and lobular fea-
tures, and 4 (14.3%) were DCIS. Pathologic type was
unknown for one tumor (3.5%). For invasive tumors,
pathologic T-stage was available for 22: 16 (69.6%) were
T1, 5 (21.7%) were T2, one (4.3%) was T4 and one
(4.3%) was unknown. Seven patients (31.8%) had posi-
tive axillary lymph nodes, where 15 patients (68.2%) had
negative nodes.
Of the eleven cancers found contralaterally, six tumors
were infiltrating duct carcinoma, and five were DCIS. For
invasive tumors, four tumors were T1 and two tumors
were T2. Axillary lymph nodes were positive for two, neg-
ative for two, and unknown for two tumors.
The case-control analysis (Table 4) showed no significant
difference regarding the histological features (grade or
Table 2: Hodgkin's lymphoma treatment
No. of patients %
Modality
RT only 14 50
RT + CT 14 50
RT machines *
Van de Graff 8 32
Linear accelerator 4 MV 1 4
Linear accelerator 6 MV 5 16
Linear accelerator 10 MV 12 48
Dose to mediastinum (Gy) ¶
None ‡ 1 3.7
20 –40 14 51.8
≥40 12 44.5
RT field
Standard mantle 9 28.6
Modified mantle 2 10.7
TLI/STLI§ 16 57.2
IF 1 3.5
Abbreviations: RT, radiotherapy; STLI, subtotal lymphoid irradiation; 
TLI, total lymphoid irradiation; IF, involved field, CT, chemotherapy.
* Data were not available for two patients.
¶ Dose was unknown for one patient.
‡ This patient received only involved field RT to left neck and 
supraclavicular lymph nodes.
§ One of these patients also received unilateral lung irradiation to 15 
Gy.
Table 3: Pathological types of first and contralateral breast 
cancers and time interval in-between in patients with bilateral 
disease
Patient No First Second Interval (months)
1 DCIS Invasive 0.0
2 Invasive DCIS 0.0
3 DCIS Invasive 1.4
4 Invasive DCIS 2.8
5 Invasive Invasive 9.6
6 Invasive Invasive 42.6
7 Invasive Invasive 55.1
8 Invasive Invasive 77.7
9 DCIS Invasive 83.2
10* Unknown DCIS 130.6
11 Invasive DCIS 197.1
Abbreviations: DCIS, ductal carcinoma in situ.
* Patient was not treated for her first breast cancer at Massachusetts 
General Hospital.
- Synchronous disease: second breast cancer diagnosed within six 
months after the first.
- Metachronous disease: second breast cancer occurred more than 
six months after the first.Radiation Oncology 2009, 4:19 http://www.ro-journal.com/content/4/1/19
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lymphovascular invasion) of the index breast cancers
occurring after HL as compared to those of breast cancers
in the control group.
Breast Cancer: Treatment and Outcome
Among 21 patients with BC after HL who were included
in the case-control analysis, only three patients were
treated with lumpectomy while the reminder was treated
by mastectomy in light of prior radiotherapy for HL. Two
patients felt to be at higher risk for loco-regional failure
received adjuvant chest wall RT following mastectomy.
These two patients had 6 out of 15 and 3 out of 5 positive
axillary lymph nodes, respectively. None of them had
experienced any complications from RT at their last fol-
low-up (4.3 and 8 years, respectively). Following lumpec-
tomy, adjuvant RT was declined (as well as adjuvant
systemic therapy) by one patient while it was given for the
other two. One patient received whole breast RT to a dose
of 50 Gy followed by a 10 Gy boost to the tumor bed. The
other patient received fractionated partial breast irradia-
tion by 3-dimensional conformal technique (50 Gy in 25
fractions) to the lumpectomy site after refusing mastec-
tomy [12]. The cosmetic results for both patients were
reported as excellent 36 and 27 months after RT, respec-
tively. With regards to adjuvant systemic therapy, 13 out
of 21 patients received CT and/or hormone therapy with
only two patients had anthracycline-based regimens. The
case-control analysis highlighted the differences in man-
agement between both groups with mastectomy being
more frequent (P = .001), and consequently adjuvant RT
was less frequent (P < 0.001) in patients with BC after HL
(Table 4). Patients with primary BC received more anthra-
cyclines in their adjuvant treatment compared to patients
with BC after HL (P < 0.003). The 5 and 10-year disease-
free survival in the study group was 94% (95% confidence
interval [CI]: 63–99) and 62% (95% CI: 26–85) com-
pared to 84% (95% CI: 74–93) and 79% (95% CI: 62–89)
in the control group, respectively. The 5 and 10-year over-
all survival in the study group was 100% and 65% (95%
CI: 25–87) compared to 95% (95% CI: 84–98) and 86%
(95% CI: 67–94) in the control group, respectively. Over-
all, there was no significant difference in disease-free or
overall survival between both groups (Figures 1 and 2,
respectively).
Table 4: Case-control analysis
Study group
(21 patients)
No (%)
Control group
(63 patients)
No (%)
P value
Menopausal status
Premenopausal 12 (57.1) 40 (64.5) 0.7
Postmenopausal 9 (42.9) 22 (35.5)
Grade 0.5
1 3 (14.3) 8 (12.7)
2 11 (52.4) 24 (38.1)
3 5 (23.8) 26 (41.3)
Unknown 2 (9.5) 5 (7.9)
LVI 0.8
Present 7 (33.3) 16 (25.4)
Absent 11 (52.4) 37 (58.7)
Unknown 3 (14.3) 10 (15.9)
Surgery
Mastectomy 18 (86) 20 (32) 0.001
Lumpectomy 3 (14) 43 (68)
Adjuvant RT
Yes 4 (19.0) 49 (78) < 0.001
No 16 (76.2) 14 (22)
Unknown 1 (4.8)
Adjuvant anthracyclines
Yes 2 (9.5) 30 (47.6) 0.003
No 18 (85.7) 31 (49.2)
Unknown 1 (4.8) 2 (3.2)
Abbreviations: RT, radiotherapy; LVI, lymphovascular invasionRadiation Oncology 2009, 4:19 http://www.ro-journal.com/content/4/1/19
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Discussion
The median interval between diagnosis of HL and devel-
opment of BC was 16.1 years which was similar to the
intervals reported in series from Stanford (17 years) [13],
Memorial Sloan Kettering Cancer Center (15 years) [10]
and Mayo Clinic (19.9 years) [6]. Despite the long interval
to develop radiation-induced BC, the median age of BC
diagnosis in this cohort was 45.3 years. This concurs with
results from other studies reporting that BC after treat-
ment of HL occurs at a relatively younger age compared to
primary BC [6,10,13].
The majority of index breast cancers (60.7%) in our series
were discovered during screening mammography. This
number might be an underestimation since we were not
able to determine the date of the last mammogram in
individuals presenting with clinically apparent BC. Yaha-
lom et al [10] and Dershaw et al [14] also reported the
success of mammography in detecting 80–90% of breast
cancers among their cohorts. It is quite possible these
studies included patients who were better screened, or
more compliant with screening. Dershaw's group com-
pared this technique with physical examination, which
revealed fewer than 40% of the tumors. However, breast
self-examination or clinical examination was reported by
other studies as the prevalent method of detection
[3,13,15]. While our study was not designed to evaluate
screening, the high rate of Tis and T1 cancers found, and
the high rate of mammographically detected cancers in
our and other studies, highlights the importance of inten-
sive screening.
In patients with primary BC, the reported incidence of
bilateral disease is variable, ranging from 4% to 21%, the
majority of cancers being metachronous [16,17]. Eleven
of our 28 patients (39.2%) developed bilateral BC; four of
whom had synchronous tumors (14.2%) and seven had
metachronous tumors (25%). This rate is significantly
higher than that reported in the general population and
also higher than those reported by Bhatia et al (29%) [1]
and Yahalom et al (22%) [10]. Of note, our cohort has
longer median follow-up compared to these two reports
(5 years versus 3 years for each). Furthermore, it should be
noted that women who develop BC at young age are at an
increased risk to develop contralateral disease [18] as this
may reflect more years of follow-up and smaller risk of
death from other causes [19]. In our series, the average
annual hazards rate for metachronous bilateral BC (3.2%)
was higher than that of primary BC (0.5 to 1%) [20-24]
and also higher than that reported in other studies for BC
after HL (1.36% to 2.6%) [10,13]. Whether this higher
rate of bilaterality warrants surgical prophylaxis is an open
question. As second tumors seem to be detected quite
early with vigilant mammographic screening, and as Mag-
netic Resonance Imaging (MRI) screening may allow
more complete early detection, the role of prophylaxis
remains a personal choice.
The majority of breast cancers (64.1%) in our patients
were laterally located within the breast, with the upper
outer quadrant being the most frequent location (59%).
This concurs with results from other reports
[3,6,13,25,26] and is also similar to the incidence of
upper quadrant tumors in primary BC (61–65%) [27,28].
In a study of doses delivered to the breast during mantle
irradiation, unshielded upper outer quadrant appears to
receive higher radiation doses compared to tissue beneath
the lung block [29]. Of interest, some authors have
Disease-free survival Figure 1
Disease-free survival: No significant difference between 
breast cancer after Hodgkin's lymphoma and primary breast 
cancer; log-rank test: P = 0.9. Abbreviations: BC, breast can-
cer; HL, Hodgkin's lymphoma.
0.00
0.25
0.50
0.75
1.00
2 5 10 15
Follow-up time (years)
BC BC/HL
Overall survival Figure 2
Overall survival: No significant difference between breast 
cancer after Hodgkin's lymphoma and primary breast cancer; 
log-rank test: P = 0.4. Abbreviations: BC, breast cancer; HL, 
Hodgkin's lymphoma.
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BC BC/HLRadiation Oncology 2009, 4:19 http://www.ro-journal.com/content/4/1/19
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reported a higher incidence of medially located tumors for
patients who develop BC after HL [1,10,15]. Apparently,
radiation-induced breast cancers following treatment for
HL may occur anywhere in the breast. This might be
inferred from the study reporting large dose gradient (3–
42 Gy) across the breast following typical mantle treat-
ment with a midline dose of 40 Gy [30]. There is convinc-
ing evidence for a strongly linear radiation dose response
in the lower dose range (up to 5 or 10 Gy) [31-36]. There-
fore, low doses of radiation delivered incidentally to any
of the breast quadrants appear to be of concern. This was
also confirmed in the setting of RT for BC; Stovall et al
reported that women < 40 years of age who received > 1
Gy of absorbed dose to the specific quadrant of the con-
tralateral breast had a 2.5-fold greater risk for contralateral
BC than unexposed women [37].
We evaluated the pathological type, T-stage, and axillary
nodal status of the index BC in patients who had bilateral
disease, as the contralateral tumors are often detected at
an early stage due to intensive screening. The incidence of
axillary nodes involvement in our series was 31.8%,
which was similar to the 31% [10] and 27% [13] reported
by others, and also similar to T-stage adjusted rate in pri-
mary BC [38]. On the other hand, Cutuli al al [39]
reported higher incidence of axillary nodes involvement
(62%) among their series. Data from the current study
and other studies [10,13] reported that the histological
features of BC after HL are similar to those of primary BC.
Sanna et al [40] reported the same findings with the
exception of the proliferation index that showed higher
rates in BC among the lymphoma group as compared to
the group of primary BC.
Based on concerns about possible severe consequences
arising after a high total cumulative dose to the breast, sev-
eral authors [6,10,13] have suggested mastectomy as the
treatment of choice for BC after HL. Our case-control anal-
ysis showed that mastectomy was the predominant sur-
gery among the lymphoma group (86%) as compared to
the control group (32%). The history of previous thoracic
irradiation appeared to be the reason of high rate of mas-
tectomy in the lymphoma group, particularly if we take
into account that the majority of patients had early-stage
tumors. According to the difference in the surgical man-
agement, the use of adjuvant RT was significantly different
between the two groups. The two patients who received
RT following mastectomy did not show any radiation-
related complications at their last follow-up. Neverthe-
less, due to paucity of data in the setting of BC after HL,
the decision of RT following mastectomy should be indi-
vidualized with careful outweighing of benefits and
potential toxicity for each patient.
Only two patients had adjuvant RT following conservative
surgery with excellent cosmetic outcome. Similarly, two
studies [41,42] reported good to excellent cosmetic
results, with follow-up of 30 and 46 months respectively,
in 14 patients treated by lumpectomy and whole breast RT
to doses of 46 to 50 Gy with 10 to 15 Gy boost to the
tumor bed. Recently, Intra et al [43] presented intraopera-
tive electron beam RT following lumpectomy as an option
to avoid mastectomy in six BC patients previously irradi-
ated for HL, but the follow-up, 30 months, is still rela-
tively short to judge the treatment outcome. On the other
hand, Wolden et al [13] reported severe soft tissue necro-
sis 6 years after lumpectomy and radiation (the patient
was treated with tangents to 45.6 Gy and a boost of 15 Gy
to the upper inner quadrant); the breast irradiation fields
overlapped the prior mantle field in some regions. Over-
all, the small number of patients treated by a second radi-
ation does not allow making solid conclusions, but the
use of RT, and especially partial breast irradiation, war-
rants further investigation, particularly for women refus-
ing mastectomy.
In the adjuvant setting, the case-control analysis showed
that anthracycline-based regimens were less frequently
used among the cohort of BC after HL compared to
patients with primary BC. It should be noted that patients
from both groups were treated at the time when the stand-
ard adjuvant CT for BC was 5'flurouracil and cyclophos-
phamide with either anthracylines or methotrexate. With
respect to disease-free and overall survival, figures 1 and 2,
respectively, show overlap of the confidence intervals
indicating no significant difference between the study and
the control groups at 5 and 10 years. The lack of statistical
significance in presence of absolute difference of 17% in
10-year disease-free survival could be explained by the
small number of patients. Furthermore, precisely because
the confidence intervals on the curves are big, one should
not take this difference at the face value that is the real dif-
ference could be 0% or 17% in the opposite direction.
Therefore, based on our data, we could not reject the null
hypothesis of similar disease-free and overall survival for
the group of BC after HL and that of primary BC.
Similiary, Yahalom et al [10] reported that the prognosis
of patients with BC after HL was strongly dependent on
their axillay nodal status with the survival data similar to
survival information of patients with primary BC. Two
other studies [13,39] reported the dependence of disease-
free survival for BC after HL on the disease stage exactly
like the primary BC.
On the other hand, Hancock et al [3] reported that sur-
vival of BC that occurred in previously irradiated HL
patients tends to be slightly lower than expected for BC in
the general population. Sanna et el [40] also reported that
patients with BC after HL experienced significantly lower
disease-free and overall survival; they attributed these
findings to the reduced use of anthracyclines in the adju-Radiation Oncology 2009, 4:19 http://www.ro-journal.com/content/4/1/19
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vant treatment and/or genetic damage by previous thera-
pies and ultimately treatment resistance. We don't think
that our patients with BC after HL were undertreated in
terms of adjuvant therapy. The reduced use of postmastec-
tomy RT could be explained by the fact that the majority
of this group has early-stage breast cancers with negative
or less than three positive axillary lymph nodes that
would have been eligible for breast-conserving surgery (as
shown in the control group) despite the prior irradiation
that made mastectomy the preferred option of treatment.
In terms of adjuvant systemic therapy, our patients with
BC after HL were treated with CT and/or hormone therapy
as indicated. Although we could not exclude possible
resistance to CT due to prior therapy as suggested by
Sanna et al [40], it might be difficult to determine if this
resistance is limited to certain types of CT rather than oth-
ers especially if we consider that anthracyclines were given
only for two patients among the group of BC after HL.
Collectively, it seems more reasonable, as shown by our
data, that the survival in patients with BC after HL is rather
linked to the known independent prognostic factors e.g.
lymph node status and tumor size same as primary BC.
Conclusion
BC after HL is likely to occur at a young age with a strong
propensity to be bilateral. The prognosis of BC after HL
appears to be similar to that of primary BC. Patients coun-
seling, screening mammography or screening MRI and
self-examination should be part of long-term surveillance
protocols for this population. Mastectomy appears to be a
reasonable approach in most of cases; however lumpec-
tomy and partial breast irradiation might be an alternative
worthwhile to investigate for patients who refuse mastec-
tomy.
Abbreviations
HL: Hodgkin's lymphoma; BC: breast cancer; CT: chemo-
therapy; IRB: institutional review board; RT: radiotherapy;
DCIS: ductal carcinoma in-situ; ABVD: doxorubicin, bleo-
mycin, vinblastine and dacarbazine; MOPP: nitrogen
mustard, vincristine, procarbazine and prednisone; MRI:
Magnetic Resonance Imaging; CI: confidence interval;
STLI: subtotal lymphoid irradiation; TLI: total lymphoid
irradiation; IF: involved field; LVI: lymphovascular inva-
sion
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
MAA, KSH and AGT were involved in the initial study con-
ception and draft writing. MAA suggested the design of the
case-control analysis. AN and SIG were involved in the
statistical analysis. All authors read and approved the final
manuscript.
Acknowledgements
Results of this study were published in part at the 43rd annual meeting of 
the American Society of Clinical Oncology (ASCO), June 2007, Chicago, IL. 
Supported in part by the Jane Mailloux fund, the Blanche Montesi fund, the 
Tim Levy fund for breast cancer research (AGT) and grant CA50628 from 
the National Institutes of Health (AN).
References
1. Bhatia S, Robison LL, Oberlin O, Greenberg M, Bunin G, Fossati-Bel-
lani F, Meadows AT: Breast cancer and other second neo-
plasms after childhood Hodgkin's disease.  N Engl J Med 1996,
334:745-751.
2. Travis LB, Curtis RE, Boice JD Jr: Late effects of treatment for
childhood Hodgkin's disease.  N Engl J Med 1996, 335:352-353.
3. Hancock SL, Tucker MA, Hoppe RT: Breast cancer after treat-
ment of Hodgkin's disease.  J Natl Cancer Inst 1993, 85:25-31.
4. Metayer C, Lynch CF, Clarke EA, Glimelius B, Storm H, Pukkala E,
Joensuu T, van Leeuwen FE, van't Veer MB, Curtis RE, Holowaty EJ,
Andersson M, Wiklund T, Gospodarowicz M, Travis LB: Second
cancers among long-term survivors of Hodgkin's disease
diagnosed in childhood and adolescence.  J Clin Oncol 2000,
18:2435-2443.
5. Ng AK, Bernardo MV, Weller E, Backstrand K, Silver B, Marcus KC,
Tarbell NJ, Stevenson MA, Friedberg JW, Mauch PM: Second malig-
nancy after Hodgkin disease treated with radiation therapy
with or without chemotherapy: long-term risks and risk fac-
tors.  Blood 2002, 100:1989-1996.
6. Wahner-Roedler DL, Nelson DF, Croghan IT, Achenbach SJ, Crow-
son CS, Hartmann LC, O'Fallon WM: Risk of breast cancer and
breast cancer characteristics in women treated with supra-
diaphragmatic radiation for Hodgkin lymphoma: Mayo
Clinic experience.  Mayo Clin Proc 2003, 78:708-715.
7. Alm El-Din MA, Hughes KS, Finkelstein DM, Betts KA, Yock TI, Tar-
bell NJ, Aisenberg AC, Taghian AG: Breast cancer after treat-
ment of Hodgkin's lymphoma: risk factors that really
matter.  Int J Radiat Oncol Biol Phys 2009, 73:69-74.
8. van Leeuwen FE, Klokman WJ, Veer MB, Hagenbeek A, Krol AD, Vet-
ter UA, Schaapveld M, van Heerde P, Burgers JM, Somers R, Aleman
BM:  Long-term risk of second malignancy in survivors of
Hodgkin's disease treated during adolescence or young
adulthood.  J Clin Oncol 2000, 18:487-497.
9. Tokunaga M, Land CE, Tokuoka S, Nishimori I, Soda M, Akiba S: Inci-
dence of female breast cancer among atomic bomb survi-
vors, 1950–1985.  Radiat Res 1994, 138:209-223.
10. Yahalom J, Petrek JA, Biddinger PW, Kessler S, Dershaw DD, McCor-
mick B, Osborne MP, Kinne DA, Rosen PP: Breast cancer in
patients irradiated for Hodgkin's disease: a clinical and path-
ologic analysis of 45 events in 37 patients.  J Clin Oncol 1992,
10:1674-1681.
11. Meier P, Kaplan EL: Nonparametric estimation from incom-
plete observations.  Am Stat Assoc 1958, 53:457-481.
12. Alm El-Din MA, Feng JK, Taghian AG: Lumpectomy and partial
breast irradiation for early-stage breast cancer following
mantle irradiation for Hodgkin's lymphoma.  Nat Clin Pract
Oncol 2008, 5:426-429.
13. Wolden SL, Hancock SL, Carlson RW, Goffinet DR, Jeffrey SS, Hoppe
RT: Management of breast cancer after Hodgkin's disease.  J
Clin Oncol 2000, 18:765-772.
14. Dershaw DD, Yahalom J, Petrek JA: Breast carcinoma in women
previously treated for Hodgkin disease: mammographic
evaluation.  Radiology 1992, 184:421-423.
15. Gervais-Fagnou DD, Girouard C, Laperriere N, Pintillie M, Goss PE:
Breast cancer in women following supradiaphragmatic irra-
diation for Hodgkin's disease.  Oncology 1999, 57:224-231.
16. Chaudary MA, Millis RR, Hoskins EO, Halder M, Bulbrook RD, Cuzick
J, Hayward JL: Bilateral primary breast cancer: a prospective
study of disease incidence.  Br J Surg 1984, 71:711-714.
17. Dixon JM, Anderson TJ, Page DL, Lee D, Duffy SW, Stewart HJ: Infil-
trating lobular carcinoma of the breast: an evaluation of the
incidence and consequence of bilateral disease.  Br J Surg 1983,
70:513-516.
18. Hartman M, Czene K, Reilly M, Bergh J, Lagiou P, Trichopoulos D,
Adami HO, Hall P: Genetic implications of bilateral breast can-Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Radiation Oncology 2009, 4:19 http://www.ro-journal.com/content/4/1/19
Page 8 of 8
(page number not for citation purposes)
cer: a population based cohort study.  Lancet Oncol 2005,
6:377-382.
19. Rosen PP, Groshen S, Kinne DW, Hellman S: Contralateral breast
carcinoma: an assessment of risk and prognosis in stage I
(T1N0M0) and stage II (T1N1M0) patients with 20-year fol-
low-up.  Surgery 1989, 106:904-910.
20. Cascinelli N, Singletary E, Greco M, Ames F, Testori A, Baldini M,
Morabito A, Bufalino R, Shallenberger R, Guinee V, et al.: Long-term
survival and prognostic factors for 2170 breast cancer
patients treated at two cancer centers (Milan and Houston).
Tumori 1989, 75:123-131.
21. de la Rochefordiere A, Mouret-Fourme E, Asselain B, Scholl SM, Cam-
pana F, Broet P, Fourquet A: Metachronous contralateral breast
cancer as first event of relapse.  Int J Radiat Oncol Biol Phys 1996,
36:615-621.
22. Hartman M, Czene K, Reilly M, Adolfsson J, Bergh J, Adami HO, Dick-
man PW, Hall P: Incidence and prognosis of synchronous and
metachronous bilateral breast cancer.  J Clin Oncol 2007,
25:4210-4216.
23. Robinson E, Rennert G, Rennert HS, Neugut AI: Survival of first
and second primary breast cancer.  Cancer 1993, 71:172-176.
24. Singletary SE, Taylor SH, Guinee VF, Whitworth PW Jr: Occurrence
and prognosis of contralateral carcinoma of the breast.  J Am
Coll Surg 1994, 178:390-396.
25. Janov AJ, Tulecke M, O'Neill A, Lester S, Mauch PM, Harris J, Schnitt
SJ, Shapiro CL: Clinical and pathologic features of breast can-
cers in women treated for Hodgkin's disease: a case-control
study.  Breast J 2001, 7:46-52.
26. Mauch PM, Kalish LA, Marcus KC, Coleman CN, Shulman LN, Krill E,
Come S, Silver B, Canellos GP, Tarbell NJ: Second malignancies
after treatment for laparotomy staged IA-IIIB Hodgkin's dis-
ease: long-term analysis of risk factors and outcome.  Blood
1996, 87:3625-3632.
27. Lohrisch C, Jackson J, Jones A, Mates D, Olivotto IA: Relationship
between tumor location and relapse in 6,781 women with
early invasive breast cancer.  J Clin Oncol 2000, 18:2828-2835.
28. Zucali R, Mariani L, Marubini E, Kenda R, Lozza L, Rilke F, Veronesi U:
Early breast cancer: evaluation of the prognostic role of the
site of the primary tumor.  J Clin Oncol 1998, 16:1363-1366.
29. Christie DR, Wills R, Drew JF, Barton MB: The doses received by
the breast during mantle radiotherapy.  Int J Radiat Oncol Biol
Phys 1998, 41:223-226.
30. Zellmer DL, Wilson JF, Janjan NA: Dosimetry of the breast for
determining carcinogenic risk in mantle irradiation.  Int J
Radiat Oncol Biol Phys 1991, 21:1343-1351.
31. Baral NE, Larsson LE, Mattsson B: Breast cancer following irradi-
ation of the breast.  Cancer 1977, 40:2905-2910.
32. Boice JD Jr: Radiation and breast carcinogenesis.  Med Pediatr
Oncol 2001, 36:508-513.
33. Boice JD Jr, Harvey EB, Blettner M, Stovall M, Flannery JT: Cancer in
the contralateral breast after radiotherapy for breast can-
cer.  N Engl J Med 1992, 326:781-785.
34. Hildreth NG, Shore RE, Dvoretsky PM: The risk of breast cancer
after irradiation of the thymus in infancy.  N Engl J Med 1989,
321:1281-1284.
35. Little MP, Boice JD Jr: Comparison of breast cancer incidence in
the Massachusetts tuberculosis fluoroscopy cohort and in
the Japanese atomic bomb survivors.  Radiat Res 1999,
151:218-224.
36. Preston DL, Mattsson A, Holmberg E, Shore R, Hildreth NG, Boice
JD Jr: Radiation effects on breast cancer risk: a pooled analy-
sis of eight cohorts.  Radiat Res 2002, 158:220-235.
37. Stovall M, Smith SA, Langholz BM, Boice JD Jr, Shore RE, Andersson
M, Buchholz TA, Capanu M, Bernstein L, Lynch CF, Malone KE,
Anton-Culver H, Haile RW, Rosenstein BS, Reiner AS, Thomas DC,
Bernstein JL, Women's Environmental, Cancer, and Radiation Epide-
miology Study Collaborative Group: Dose to the contralateral
breast from radiotherapy and risk of second primary breast
cancer in the WECARE study.  Int J Radiat Oncol Biol Phys 2008,
72:1021-1030.
38. Carter CL, Allen C, Henson DE: Relation of tumor size, lymph
node status, and survival in 24,740 breast cancer cases.  Can-
cer 1989, 63:181-187.
39. Cutuli B, Dhermain F, Borel C, de Larochefordiere A, Graic Y, de
Lafontan B, Dilhyudy JM, Mignotte H, Tessier E, Tortochaux J,
N'Guyen T, Bey P, Le Mevel-Le Pourhiet A, Velten M, Arriagada R:
Breast cancer in patients treated for Hodgkin's disease: clin-
ical and pathological analysis of 76 cases in 63 patients.  Eur J
Cancer 1997, 33:2315-2320.
40. Sanna G, Lorizzo K, Rotmensz N, Bagnardi V, Cinieri S, Colleoni M,
Nole F, Goldhirsch A: Breast cancer in Hodgkin's disease and
non-Hodgkin's lymphoma survivors.  Ann Oncol 2007,
18:288-292.
41. Aref I, Cross P: Conservative surgery and radiation therapy for
early stage breast cancer after previous mantle radiation for
Hodgkin's disease.  Br J Radiol 2000, 73:905-906.
42. Deutsch M, Gerszten K, Bloomer WD, Avisar E: Lumpectomy and
breast irradiation for breast cancer arising after previous
radiotherapy for Hodgkin's disease or lymphoma.  Am J Clin
Oncol 2001, 24:33-34.
43. Intra M, Gentilini O, Veronesi P, Ciocca M, Luini A, Lazzari R, Soteldo
J, Farante G, Orecchia R, Veronesi U: A new option for early
breast cancer patients previously irradiated for Hodgkin's
disease: intraoperative radiotherapy with electrons
(ELIOT).  Breast Cancer Res 2005, 7:R828-832.